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" Measuring the Impact of Education on Productivity

Abstract

In Fhe U.S., growth in income has been agéompanied by growth in
education. Between 1929 and 1979 real groé% nationai product more tﬁan
tripled.. Dur;ng‘the same period annual expenditures on education rose from 3%
of GNP to 7%. Thus in real dollars, Americans were spending ten times' as muc? '

on education in 1979 than in 1929. ' In the same peribd the fraction of "the

prime-age population who were college graduates rose from 3.9% to 16.4%. The
' 7~

" median number of school years completed rose from 8.4 in 1930 to 12.5 in

1979.1 lTbe economist views education as an investment and the concurrent.
/ - - )
growth of education/and output has provided an impetus for establishing a

- ‘ ‘e t
causal link from education to productivity. The evaluation of this investment

as a source of growth has been the task of a host of economic studies v

including the human capltal literature and much of the’growth accounting

[y

literature. Thé essential underpinning oﬁ:tﬁié 1iterature is simple:
! ‘\ N - teat . oot

edﬁcation isﬁékféctor of produttion. Itg primary function may be allocative, -
as proposed by Nelson and .Phelps (1966) and Welch'(1970), or 1t.may be

physically produétive. But, in either case, the basic inference drawn from ~

-~ -

statistics such as those presented)is tﬁas @ducation is a form.of productive

-

* h ’
capital and the growth adéountant's--task is to measure its contribution to

e ES N ©

-

Our purpose in this paper is to consider a variety of stpdies thég,
attempt to evaluate‘ghe impact of education bn aggregate broductiqn in the
U.S. economy. Ve atéempt t; step back ffog’Fhe myriad of technicdl questions
sﬁrroundiqg the comélex growth accounting formulae used for this purpose, and‘

M !

consider ‘these models in a.simple, unadqzséd framework that hopéfdily willl'

.crystallize the éssen;ipl agsumptions underlying such formulae. We will raise




some basic questions concerning_;hg application of growth accounting

techniques to measuring the contribution of education. We contend that L
. 7 .
standard methods of growth accounting make sense for simple measurement of

factor contribu;ions where outputs are well measured and when factor growth is
N v ¢ o
exoéénous. For education and other forms of producer capital which are

. f legitimately viewed as intermediate products the standard techniques seem less
. L ]

) desirable. We propose an alternative measure which, we consider more amenable

' .

to measuring the “contribution of an intermediate input such as education.

-~ ¢

<'This measure is derived using tools similar to tﬁose ueed'%o analyze

; consumer's surblus. A direct analogyiwith the consumer's case 1s given and

the deriva;ioh.of the alternative measure is based on this analogy.,'The

x - theoretical-and conceptugl analysis of the measure of ed;cation's contribution
to produgtivity is follohed by a discussion of the empiéical measures

i

implemehted by various aufhorsﬂ . .

. ~
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In the U.S., growth in income has been accompanied by growth in
education. Between 1989 and 1979 real gross national product more than " y

tripled. During the same period annual expen@itures on education rose from 3%

. ' - *
. " of GNP to 7%. Thus in real dollars, Americans were spending ten times as much

on education in 1979 than in 1929. In the same period-the fraction of the-
prime-age population who were college graduates rose from 3.9% to 16.4%. The

\ ; .
median number of school years completed rose from 8.4 in 1930 to 12.5 in

1979.1 The econoﬁist views education as an investment and the concurrent -
growth of education and output has provided an impetus for establishing a
céusal-link from education to praductivity. Thé evaluation of this investment

as ‘a source of growth has been the task of a host of .economic studies

including the human‘capitgl literature and, mich of the growth accounting - . (’//
literature. The essential ;nderpinning of this litegpfure 1s simple:

—

education is a factor of production. ~Its.pfimary function may be allocative,

-

as proposed by Nelson and~ghe1p§ (1966) and Welch (i979)r or it may be

physic%lly productive. But, in either dase, the Basic inference drawn from

hd i

- statistics such as those presented is that_education i1s a form of productive

capital and the growth accountant's task is to measure its contribution to

L
-

production.
.Our pﬁrbése in -this paper is to consider a variefy of‘sfédies that
attempt to-evaluate the impact bé educétion on aggregate.production‘in the
.'g.s. economy, We Etpempg/to step back- from the myriad of technical questions
sur}ounding tge complex gr;wth accounting’ formulae used fop this purpose, and
‘gonsfde? thése models in a simple, uﬁadorned‘framewqu that hopefully will
o , crystaliize the essé;tial assumptions un&eriy&ﬁz such formulae. We will raise
some basic quesfions ionce;ning the applicétioé{of growth accounting

techniques to measuriﬂg the contribution of edutation. We contend that

-

v~
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;tandard nethods of growth accounting make sense for simple measurement of -
factor contributions where outputs are well measured and when factor growth is
exogenous. For education and other forms of producer capital which are
legitimately viewed as intermediate products the standard techniques seem less
desirable, Wé propose an alternative measure whicd we considef more amenable
to measuring the contribution of an intermediate input such as education.
. The, paper proceeds as follows. In the next sectig; we characterize the
productive process using a simple model and discuss tgé theoretical probiﬁms
: ;ith standard growth a;counfing measures. We also derive our alternative

measure. In the second section we review a few of the empirical measures of

education's confribution to productivity. -
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C , SECTION I

"Theoretical Approaches to Measuring the Productivity of Education

“

- C
In this section we develop a prototypé’of the basic growth éccounting

framework and analyze its potential usefulness in measuring the contribution , \ '
of the growth in inputs to the growth in output. We concentrate on the .

r .
characterization of education as a productive input and show that the standard

\ y .

procedures when applied to an intermediate input like educaiion lead to some

¢ , . .
counter-intuitive conclusions that warrant consideration of an alternative ° !

approach. . L - :

Let us consider a very simple economy which produ;es one output Y, as a
function'bf two homogeneous inputs, capital, K; and labor, N, according .to '
the relationship.

o | Y = £(K,N). »
The growth accounting question is a simple ene. Suppose we observe growth in

the amount of output produced. What pat of that growth can be attributed to

i

growth in the inputé? The question we as economists must ask ourselwves.is
whether it is possible to answer the preceding quest{pﬁ*ih’a meaningful
manner. What a;sumptions mst we make about the nature of the inputs Endgthe
production process to be éble‘tq)make meaningful statements ;bout the nature
of the growth o£ production?

Suppose, first, that the amount of capital K was fixed and. labor grew’
exogenously, Then, ignoring any possibility‘for technical adv;nce all output

s

growth is due;to the growth in labor. If both output and 1a§or are easily
measu;able'quantities then the contribution of the increase in the input is

easily measured. No complex formulae need to be called into play —— all

growth is simply attributed to the growth in labor. . '




*

The situation becomes considerably more complicated ‘when we allow for
growth in bpth inputs, both conceptually and empirically. The basic problem'

1s that {t is difficult to idenﬁify the source of the growth in output if both
. vy - .
inputs increase éxogenously. There are numerous conceptual experiments we

could perform to attribute fractions of .output growth to each of the growing

.

inputs. Denote ‘the initial endowments of capital and labor as K°. : and ip
and initial output as YO, Let the superscript 1 denote quantities in period

1, and thus K! > K%, L1 > 10 and ¥! > Y. First we could consider a

«gsequential process, first incrementing the capital stock and then incrementing

the labor stock. Thus the contribution of capital to the increased output is
‘ s, = £(k1,1%) - £(&%,1%).

' <
and labor's contribution is

S5, - £kt,Lh - £x1,19). )

-

Clearly the order in which we seq‘Fnce events will make a difference in such

measurements. If we tonceived of the incremental process as adding the
. e

L%‘f L° units of labor first, then labor's contribution would be

Si = £(&°,LY) - £(°,10),

”,

and S

4

S, =8 YIt'depends on the algebraic form of }he production

1
L or SK SKQ,

’function. In fact the only producpioh'function for which thé measured

* contribution is independent of sequence is a linear production function. If°

f(K,L) dis.linear, then each input has a constant marginal product independent

of the level of the other inputs and thus the contribution of the exogenous

growth in inputs is easily measurable. Such a functional form essentially

assumes away the interesting part of the production process gince it assumes

N

“ all factors of production are perfect substitutes., If the production function

is nonlinear (fhatﬂis there exists factor complementarity), then even

would be the residual growth in output. There 1s no guarantee .

ke
.

-




{ ) ' .
conceptually we cannot attribute part of the growth.in output to the input and

] < -
part of the growth in output to another. The extent of output growth depends
on the extent of growth in both inputs. The product'éf the two’are ’ s
oo be 0, L
‘/’\\*ﬁinextricably entwined because there is factor complementarity.‘ There is no

,__‘

- ' logical way to distinguish which input is respod?ible for a part: of output

[

i’ — since the inputs work together. The economisthis thus faced with a
3 ’

-

difficult conundrum. In accounting for output groﬁth, if the production’

function is linear there is no problem andaif the prodnction function 1is

noniinear there is no solution. . . .
’ ) a .

Given this difficulty many economists have nevertheless proceeded to mbke

\ X
some good and useful approximations to the measurement of' productivity
R . . .

S . ¥ 4 4
growth. "Let us rewrite the production function in a more general form:
L ‘ . ® N

7 Y= £(X,1) - - S

where X denotes an n-vector of inputs and’ 7 summarizes the pant of

technology that is subject to change. Implicitly Y, X and Tt carry ttmew
H ’ N ~

subscriptss Even though growth 1s an inherently dynamic process and results

from durable investments that take time, the points that we make can be

»
.

simplified by using instantaneous relationships. Denoting %%- by: 2z, the j§ |

\
*

standard growth accounting formula decomposes growth in output intq two S T

components: that due to fgrowth in inputS»and that which occurs because of

technical adyanée: . . ‘ -
\ . Y § g
. Y 1 3T T ’
& veISxt—vor S
¢ i i . '
. ifi . aY , a s o - . ’?

where S , and f = _.— w The production shares, S; are not 4 '

i Y, .. 4 axi ) ) i i
typically observed, but assuming cost minimizing behavior and exogenous factor




-~ - e ¢ 3 . \§, “l"?

] u‘t‘g“}‘ ’ e, k
Y 6 ~' ’: W r:?' *
‘ 1 “S
o m*t':'
(2) S, = SC, L
: ' th R
where C; 1s the share of the 1 input in total cost, C and
1 zPiKi

: .S is the scale elasticity which 1s simply equal to the ratio of average to

- N

marginal cost.z. If we assume constant returns to scale, average‘cost equals .

4

marginal cost, and since tne £; are observed we have the foilowing '

-
accounting definitions? . . i *
, i ;-
(3) Explained growth =T C, == ~ % : .
. - N iX ~
. A | 1 Ty «
] . . : i
. Y 'Xi . 3 .
(4) . Unexplained growth =,.. -1 C .
N Y 1% g
i i ; . .
LA . « ~ LY i N .
The contribution of the 1th factor is defined as Ci i;- .and the residual is

i

referred to as growth in tetal factor productivity, By evaluating,the

Ve °

contrtbution of a growth in an individual input by usfng an indirect

.

measurément’of marginal product, the economist is taking a linear ' "

approximation to the production function as hig basis for attributing output

Q

growth to the various factors. This technique of treating an insoluble

nonlinear problem as%linear, and. thus approximating a solution is nbt.an

o

uncommothractice'an& seems a quite reasorable way of gauging the relative

contributions .of the exogenous growth of the various factors of production to
- ¥

- ]

output growth.
. +

Unfortunately, the complicationa in analyzing/productivity growth do not

end with the introduction of several growing inputs.,
. Y *
production process are exogenously determined.

Not all inputs in the

The amount of intermediate
inputs available for production of the final product is endogenoualy' Sy

-

determined and produced using factors that have real opportunity costs.s Nye

A

. Although standard techniques.for growth accounting serve as a useful tool whggg

--- R e e ]
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.? gqme.inputs\@;g intermediate inputif Eaution mist be used in interpreting the

results of such studies. Often Intermediate, input’ growth is treated as befng

.exogenous and thus costless. If the growth of some inputs is eﬁdogenous and -

-

'thus costly we must consider what would have béén'produced had the factors

A °

dsed to produce those inputs been used differently. In’studying the ¢
- s

contribution of education to growth in output these considerations are

extremely important., . .

‘ To distingﬁish education as an intermediate produé¢t we rearrange the

w -

>

simple model proposed aboves Specifically let épe pfoduction teshnology be

L] .

described by‘ . d )
(5) Y = g(gl ’E) )
. (8) , E = h(X,) -~

and 2‘{‘= '351. + 5

in primary and intermedia;e production. “We have omitted exogenous technology,

2° .o

.

The subscripts on 5, the vector of inputs, indicate use .

'
d - v

- t, £for the moment.

& s,(

“ "oe »
The economic problem is to allocate X between primary and intermediate

.

o e \l .
production, : If. we use as our allocation rule, the maximization of output

’Yy sub@gct.to the resource constraint X, the first order efficiency
conditions are:

7 { gi"hi'g—%" . ‘ \

" The,right hand side (RHS) of (7) measures the indirect marginal product of
primary factors and the left hand side (LHS) meas&res the direct product. A
factor is efficiently allocated when direct and indirect marginal products are
equal, The RHS of (7) mea;ures the value of factors diverted to productibn‘

of E while the LHS measures the 6pportunity cost of those factors. Suppose,

L4

now, that X grows exogenously, and we want to observe the c?ntribution of

-

education to observed-output growth. If we view education, not as an

-

*
- . .

11" L o




Y ' :
intermediate input, but as a basic input, using equation (2) we find the :

"oontribution" of eduoated labor is’

: % . _
. E »
(8) ) %Z'E" AL Ehi d;Z . : ‘

[} ~

.
.~ . <

This calculation ignores the cost of factors used to proouce E, .If we

explicitly recognize opportunity costs we find that éducatign 8 contribution

i

to growth is zero. To see this consider the change in output associatedxwizh

a change in'tpe £t fnput, dx, *
° o~
A £ %%;'dxi g 4%y + gé hy dXyp - By '
N | )

¢ - (TN

Uijﬂé equation (7) this implies

£ ' dy

(10) dx dX; = g dX 1 te dx

12

S g (d%;; + d%,,)

o~ . =N t

- gi¥dxi

N4
*

since, by definition, dXj = dXg, + dXy 5. Equatdon (10) demonstrates that the
net marginal product of” the factor X12' di;erted to the production of

education is zero. By the definition of efficient. production, the $§rginal

« contribution of education is zero. If it were not, basic resources could be

rearranged to increase total output. Therefore, the use of matginal

accounting to measure education's contribution to growth-seems inappropriate,,

since at the margin the educational process makes no net contribution. Where,
then, do 'growth accountants -err in their calculations of a positive i

contribution of education, and how might we interpret or reconstruct their
Y




\.‘ ' R 9‘ ’ ’
A . : ' .

results? o ., ' ’
é
s, Let us conaider a simpler model that will help illustﬁ‘fe.the problem

. Pid

with the calculations mada by the growth accountants, Let Y denote per

> ¥

capita output, let . N, denote the number of anskilled'workers in the 1labor
v, . . . .
force and* N, denote the number of gkilled (educated) workers. Suppose s

Nl + Np =.N. Then we characterize our production relationship as:

(1lay - Y ".g.(NprE)
am) | E = h(Ny,Ky) ‘ \
(11c) N, + Ny =R

(11d) L KRy = ‘

where B 1is tﬁe‘amouﬁt of a second primary input which we call capital, and

. . I
is allocated between primary and intermediate production, Ky, and Ky

v

respectively. In equations lla~d we, have depicted a production process where

the education process 15 factor absorbing. Assume that the number of educated

~ ~

laborers that provide services E is NZ‘ That is, no person.works only in

the education sector. Each worler is educated and then the worker's services
I of

L4
are used for primary productioén. The educational process merely embodies

capital in workers. We can apply the standard techniéu& to equations 11 to
:“/ . * i . ’ - ]
get: o ) .

(12a) Y =g N+ 8,8, i-“,g3z

(12b) . _BAnN +hk, |

" Using the standard growth accounting approgch we would say that the

contr}bution of education to total growth in output was g E and would

. 3 L
calculate that contribution by measuring the wage return to the Ny educated
' »
. 1ahorers. However, 'we cannot %gnore equation (12b). Substituting (12a) into’
(12b) we get : ) -
I} X )

1



" 10
et S S -
(13) T EN TN ey ek, | ,
Since firms are cogt minimizers the marginal product of ény "unrefined” unit

of labor must'be the same and the marginal product ﬁf capital must be the same

- /
~ across sectors. Thus . L
(14a) g1 = g3hy ]
s
(14b) . . g2 = g3h2.

Substituting equations (14) into (13) we get ° .

[}

-
Y = gl(N1,+ NZ) + gZ(K1 + KZ)

Y = glN + g2 .

We find that all growth in output is due to growth in the total amount of

primary, inputs. Because factors are always allocated so that marginal

productivities'in different uses ‘are equal,'thgre is no marginal contribution

éf educatign ta the’ﬁroduction procéss.3 The accounting error. comes in

‘treaﬁing g.,E as the total contribution of educated laborers. In fact,

3
g3é =jg3h1ﬁ2 + g3h2k2. The marginal productivity of the educated laborers is
the same as that of unskilled laborers. It éppears higher to the growth
accountant because the éapital embodied in the laborer is not seen. The
return to E is.not just the return to the NZ educated laborers that
provide skilled services but also incorporates the return to the capital
necessary to provide the yorkers with their skills. Because'education is an °

intermediate good that is factor absorbing in 1its production, simply

calculating the financial rewards to workers who are educated as a measure of

’ .

their productivity ignores the economic rewards to the resources needed to-
produce the education. At the margin education contributes nothing because,

)

raw labor is allocated so that its marginal productivity is equal across .

14
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sectors. If educated workers are receiving a net rewald in excess of that

s received by the unéducated, the uneducated will become educated until the net

P .
rewards are equalized. )

The marginél accounting method, cqrreéily applied, will lead us to
conclude that the net contribution of edyfation is zero. Clearly this is not

the case. Although the mnet contribution of the last worker educated is %ero,'

the inframarginal educated workers have a positive contribution to output.

The correct way to evaluate the contribution of education is to measure its

-

inframarginal contribution to production. Although such measures are common

in applied welfare economics’, they are ;;st often presented for consumer

- -

goods. To provide motivation for our,pf?:osed measure of gducation's
cont ribution to growth, let us consider ‘an analogy “from consumer goods.
Suppose we increase a consumer's income by $1000, holding commodity prices

constant, and we observe that the consumer's expenditure on food increase by

1

-~

$200. * We might be tquted to conclude that the coantribution of this
;dditional food ‘to his increased welfare is $200, but in doing so we would
v ignore the alternatives on whiéh the $200 could have oéherwise been spent. -
The'corrgct measure of éhe contribution of food to his welfare is his ut{lity
given he can spend his §1000 as he pleases ﬁinus his utiliti if he is
constrained to spend the additional $1,006 on anyth%ng but food. This
measurement is his increase in welfare because he can spend money on the
available food. The econonist is able, in theory, to make two observations in
this case. first, the economist can account for an individual's
expendiéurgs: “Out of ‘the additional 51006, $20d was_gpent on food."

Secondly the economist can calculate how much this expenditure increased the

consumer 's welfare: “The welfare contribution of the additional $200 in food

is the excess of his utility over that which would have attained had the




. to food purchases,

12 ' *

>
]

-

consumer been upable to buy food." These are two very different statements.

Both are interésting observations, but the first has only descriptive import

and the secondnhas normative import. Before compléting the analogy by
presenting the production equivalént to this example, let us re-enf;rce our .
point with another simple illustration. .Suppose that food‘wqre an inferior
goods Our “cc;nsumer, when é:bven the'extra:,$1000 income%would decrease his

expenditure on food, say, by $50.. We could hardly argue that food reduced the

4 ‘e

consumer's weliare! The accounting observation® would show that expenditures *

on food had decreased. The' correct welfare measurement of the  contribution of

¢

food would measure the[consumer's utility given his additional $1,000 spent as
. . ] ' ’ a
desired minus the consumer's.utility if constrained not to change_his

expenditures on food. Clearly the welfare measure would show a.positive value

3

.

. \
’ \

" The consumer example is fully analogou§ to the producfion case. Consider

.

an exogenous increase in primary factors of production, such that.marginal

rates of substitution among factors xemain constant if resources are

.

efficiently allocated. This change is equiwalent in the consuper example to

.

increasin% income holding commodity priéé; constant, Output willlincrease.
Tﬁe growth accountant's measure of fhe increase in output due to the increas&
lnfeducation is the opportunity cost of factor's diverted toward education. It
is-a measure of how much of the growth in endowments is ";p;nt" on
education. To claim that this is the contributién of education to 'increased
- . N ‘
wélfére'ignores the alternative ways those basic resources could have been
allocated.‘ The correct measure of the contribution of educatiodﬂgp output is
the QmOunt of output that actually is produced minus the output level that"
would have been chosen had none of the additionai‘resources been allocated to
the education sector. The gfowth accountant 's observatiﬁn tells us how much -

) 3

- *
.

‘«
. .
- . l - f
- 6 . Ry
”
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of our resources growth we devoted to the education sector. Although this .is

interesting as a degcriptive measdre, the normative measure of éducgtion's
’ % - ]
contribution must take into account what would have been had the education

£}

option been unavailable. Again we have two measures., The first measures how '

k]
inputs were actually allocated to produce the additional output — in

A A

particular how many resources were devoted to.education. The second measure
tells us what contrfbution the availability of the education alternative made
'to output growth. It measures what welfare is as compared to what it might
have fbeen had we no; had the education sector. "
The t:heorg_t:ical -dist:ﬁinct:'ion betweén the growth accountapt:'s measure and
‘the surpldb meaéure we propose should be clear. The question now becomes how

one might implemgnt the second measure empiricallyb Let us conside® the
con;umer exanple again. To derive this measure we firs; Save to trace the
value of food as income changes, that is 'the shédow-pric; of food. Let 2
denote quantity of fqod, I denote income and P denote the actual price
while P denotes the shadow price. .Then the movement of the §Qadow pricé is
des&ribed by’ ‘ 4,

(15) 3P 3 .
; The first term on the kHS of (15) is the ordinary income effect., Th; second
term has two -parts. The first is é pure subsgthtion effect and the other is
the ‘induced rate of increase in food's shadow price. The induced pricé'
increase 1is just'enougg to hold the net change in 2 at zero givgn'the change
in inco&e. In other words, SﬂgggiJn (15) implicitly describeg the marginal
value of food at the initial level of éonsumption of Z as incomé changes.

To a seconh éf&er abproximation the consumer's surplus is

(16) % sBaz -

.where . - . .




o -3z
~ _ 3P’ a1 ~
a7 AP =37 )I - -3_7_ Al . (from 15)
. - oP
and ' -
.2z | ,

(18) AZ = 35 AL, -
Substituting (17) and (1§) into (16) and rearranging terms we find that the

L =
tmeasure of consumer's surplus is’

2,2 |
(19) TE W | J

L] .
]

-
where C 1is food's expenditure share, e 1s the income elasticity of food,

and n' is the utility constant own price elasticity.a We have estimates oF

-

observations on all the components of our measure and thus it can be

empirically implemented. -

A é;\
. . W
The exact same analysis ‘can .be done for the produgtion side of the SAY
_economy. The apalogous formula (see Appendix A) for education's net
péoauctivity is ' ’ . !
' ~ . 2 2 . 3 ‘
: 1 .2 Oyq Y . . d
* - : ’ 1

where S 1is tﬁe,scalé elagsticity described in équation (3), & is the

elasticity of Agmand -for education with respect to aggregate output (holding

5

marginal rates of factor substitution conétant), c is the Allen-Uzawa’ own

i1
substitution elasticity, and Y denotes the value of aggregate output.6

’

We are not familigf with estimates in the literature of any of the

requisite parameters needed to evaluate the net contribution of education to
~ t .

-

productivity. if the production process were~Cobb-D6uglas with parameter

8 )

grasa coefficient on education, and subject to constant returns to, scale, ‘-
R i, f o
.% B -




) : . “(58y) - ay X ‘
then § =f = 1 and Oyy ™ . If <~ were'equal to 1 and
t Bi ) Y '

= ,25, then ed'ucat:i-qn's net contribution would be approximately one-gixth

By

of she increase in output. If %}: were equal to 0.1, then educatfon would
have only contributed %—U"Of the g::owt:h.7 )

In the next section we examine a few of the- empirical attempts to measure

education's contribution to growth. .None of them uses either of the concepts

[y

pteseri'ted in their extreme form,r but they are usually closer to the first

r. ‘ : “y
method than the second. ‘ R
A3
L] i -
. 5
. /
<
A\
N £ -
-1 .« i ' K‘/
. . o
] . o ?‘fti
- *
4
* . ¢ ,
- \ ‘
« “

N

-




16

Section II:

Methods of Empirical Measurement

[N

Much detailed empirical -work has been aimed ;t measuring the sources of
growth in the economies of the United States and other developed countries.
Clearly education must have'played a rofe in this producti%ity growth, but as
demonstrated in Section 1, the standard approach for measuring the extent o;
that ;ole does not properly measure the opportunity cost Bf producing educated

\

In this Section, we describe several methods of estimating the
¢ -

contribution of education, and show their potential inadequacy “in exﬁlaining

workers.

growth due to education using two simple exambles. y
1

{ The work by.Griliches and Jorgenson (1967) is exeqplg%;hof the "ptire"”
growth accounting approach to measuring the gffect of eduértion on

productiv'ity.8 They begin with the basic growth accounting equatidn as we -

!
¥

have characterized it in equation (Z): e - .
Y i, t93Y%
- i St X, AT

as - \
‘ . . L
. . L 1
(21) - .. . I~ Esi T -
i
\
. y
where the Li represent hours of labor input of education type 1. They

¢ . - §f
separate the rate of growth of labor input into three compdnents: the rate of

Co !

%; the rate of growth of hour\d|
. . AR
»L

" growth of the labor force,
the change inetﬁe proportiohal,diséributiou o£‘1a$or amon{fhhe educational

~ +

. it
types. Letting e; denote the proportion of workers of egfpation type 1,
. C . - ' Y .

1&

y



L H,N
(22) ' T=gtyRtIs

The last term on the RHS is computed by sumhing the share'weighted changa.in
proportions. They break labor into eight educational groubs and using the
last term of (22) compute what tﬁey call the annual parcehtage changeiia N
‘ lat@r-input per man hour. This index varfes from 0.62% during the period from
1948-52 to 1.2% from 1957-59. The average annual rate of change from 1940 to
' 19§5 was 0.74%. The GJ study of praductivity is certainly a pioneering work
and it 1s improper to criticize it for-nat'computing a fine' enough index of

chagge in labor input. They admit that the classification of labor should be

made by age, sex, occupation, industry, among other components but such
. 1}

-

i detailed datd was not available to them. Thus their only breakdown of labor

is by educational Ievel, and the value of each additional’hour of 1abor in any

0 A )
educational group 1 1s measured at its "value'of marginal product” as

reflected by cost share. They treat additional educatiop as if it had no
© 4@’1
opportunity cost or alternativeTy as if the determination of the education
)

level we;e exogenous, "Such an index 1is an adequate vay of meaSurteg changes
in the labor.force due to exogenous demographic shifts in composition but
ignores the ‘whole notion of opportunity cost of factors whose alloaations are
determined endbgenously. In essence, the GJ study represeats the accountant's
v ) breakdown of growth Jdnto its various comg/nents, without ° regard to what growth

| o
|

wnuld have been had resources been arranged differently. It is a descriptive

measure of how #e spent the increase in primary inputs and is not a measure of

:the opportunity costs of those inputs. The valuation of such factors at true I

A

value of marginal product, that is'gross VMP less marginal cost, is

. meaningless since at the margin the product of education just equals .the

' !
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opportunity cost. ' : . .

@

The recent analyses by Chinloy (1980), Dentson and Jorgenson et al. are

1]

similgr in nature to the GJ study, but some attempt is made to make use of the
notion of the opportunity cost of an educated worker 8 time. We characterize

Chinloy's work since he constructs a more complete index of labor productivity

-y

than do/thg other authors, but they are all very(ymdh in the same spirit..
e Chiploy odel follows the basic growth accounting model as introduced

in the first sectMen. Changing notation slightly, let superscripts denote

time period and subscripts denote educational groﬁp. We observe Nt laborers

)

in period t, N; of them being uneducated and N; of them educated. The

wages paid to each uneducated laborer in period t ds w§ and educated
‘ ’ 5 -

%

1aborers receive w

t=0, 1. Then the growth in total labor force (Chinloy .uses hours, we will use

“he

; for their services., Consider only two periods,

number, - of workers) is defined by:

(23) . h'= zn(N ) - zn(ﬂ?)
. N ;
. ln (F)') o’ ] ]

-

Chinloy compares this gfowth in pure units of input to an inlek in the change
in labor productivity derived from an assumed translog production *function,
Specifically let- V, be the average share pf the total labor bill -received by

- o+

uneducated workers and Vé =1-V, he the average share received by educated

workers, Then, o e
- »
- “ o0 1.1 .
w, N, W N
- L 11 1 <4
(24) \ ! -—#::;N" + o +;:1N1 +w1 .) .
: ' 17 VN WM T Wy

3
These shares are used to take a weighted average of indices in the growth of

the size of.each segment of the labor force. Specifically, 1et

L) . . i ~
s d
. . .
A ' “ S N
’

-




Mn by = Im(;-a) o v )
) 2", T, ,
The index of the growth rate for Mbor productivity. is
‘ d = V;. Agn hl +*V2 Azn-»hi. o )
The growth rate for quality change is ) ’ : ‘ :
g=d-h, ‘ } " Yoo ‘
In this setting, gq represents the contributicn of 'education-‘ to productiw‘ri“ty
. growth. Chinloy's index of quality change, q, implicitly 4nkludes a measure
of cost. The index h ‘is a measure of what output would have \been had growth -
in th& labor force maintained the initial proportions between educated and
uneducated labor. ‘It i{s in some sense a-measure of what wou]:d have beer;\had
labor not "reallocated" itself., Thus the excess of -what was over what‘uo,uld )

have been, Chinlby calls quelity change, Chinloy's index of quality change,
q, ‘implicitly includes a measure of olpportunity cost of the ~educatior< _ . \
process. The index h, 18 a measure of what the growth in output would Jidve
been had the initial proportions of educated and uneducated of labor been ‘

maintained. Specifically, if - « . -

]
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which implies gq=d-nh ’
300 T‘

Chinloy would conclude there has been no quality change in the composition of

the labor force. This conclusion is in some sense correct. The average level
of education of the populace has not changed, and the proportion of output

s

rewarded to educated workers has not changed. It seems.the entire growth of

output is due to population growth, It would be incorrect however to say that

the increased level of education contributed nothing to increased output.

\ Consisgr, for example, the simple production process depicted in Figure 1.

Initially there are N° laborers available and N; are educated, N; are

; ﬁneducated. Output is initially Y%. Suppose the total workforce expands
‘%ftom §°‘ to. §l, output éxpands from Y to yl and the proportion of
educated workers remains constant. As shown.lthe Chinloy formulation would
‘.shoﬁ.g zéro contribution to the Ehange in_the educational level of the ‘ -
‘popuidtion. Bowever,‘;ﬁppose the education alternative had‘not been available
¢ fog the N! - N° new workers., Clegrly output wLuld.not have increaséd to

Y%, .but to Y+ < YO as depicted in Figure 2. The contribution of education

at the'margin is zero, but there i1s an inframarginal contribution tﬁa% is

»

t
positive. \\\\\\~‘ )




- - o / S - ;
-» N "
~ Fawrs 1 |
"
) A
N:I P ] 4
. ’ ‘
i \‘I‘
p ] ) ‘ . ,
N
. .
No‘ "
N7
t 1
’ ¢
. Y.
NG
__Y" ’ < .
\ 3
3 0 t
N, N Nc ‘ NI
l N >
Y 25 - '




' Tyre A ' .
. . L ‘:\g A '3.,'¢ 1 " <: . .
. M . . » i . oo ’ . .
' : * . ¢ - . A f
— . . | ; (

= H
.
. -
< : .
.. -~ .
N . ) N
\ . .
I&‘- v . ' |
.
.
. Le
. , ‘ , o o
. - ‘
- T ew . 3 . )
' ’ i . - +
' - ) d . .
. I
. Nl
. . . .
! . ) R
AY . . .
. . ‘
- . ‘
-~
. . . .
« > r . ) . ‘
: .
- ) |
. ’ 3 -~ . Ve
. ; ) -
et . , ,
. ) A
p .
N | |
'
o
-‘i
Y .
P
N . -
i, .
¢
- .
1
. | ‘
. g
. 7
5 « .
i
i «
. .2
.
‘N
|
b ‘ : I 1
. v . ‘ ~ ‘l
‘ 1
.o
.~ ~
. h A - .
0 ‘ - i
~
.
¢ : . , .
[ ( ‘ .
‘ LA . ’
~ . N . -
3 t
’
o e X
ALY 7 |
. « Lot 3 Y. , .
. R , '
i - v' \ e N
4 , ' ' H |
N ) -
“ * ) )

Q . .

ERIC . 26 S

Aruitoxt provided by Eic:

: . : S / . ) ' ,



-

X ' . : g !
Denison (1974, for example) expliyitly‘fo}ts an index of labor services . -

. . ) S . ¢ ;
- based on the ngrm of an‘eightﬂkrade educated worker, Using the ratio of wages

’ A ‘ ~

~ of higher educated workers to eighth grade workers he forms an index that

. computes - base productivity of labor as if-allﬂworkers'were-eighth grade, -
- " . ‘ ‘ * . I3

educated, (correcting.for the correlation of abiliiy/aﬁd_EEucAtion) and

- .

. : ‘ > o
attributes the excess of actual returns to labor' over, baseline returns to -
] R - i

labor as the contribution of education to the productive.process. In essence,
Denison recognizes that (part. of ) the opportunity cost of educating a worker

is his foregone prbductivity as an uneducated workerﬁ However, Denison, like
Chinloy, ‘uges a marginalist approach to the productivity accounting. The " ' .
|
- returns to education that he measures are returns to factors used in the . °

’

production of education ‘that he dobs not include in his measure of opportunity

-

coste. Referring back to Section 1, Denison and Chinloy implicitly have a.

: model like that represented in equations lla~d in mind but the returns they

measure are returns to the capital "imbued" in the wotkers who are educated. .

-

The increased Wages,rewarded to educated.workers are a return to a costly

investment, and at the margin the.net value of that investment is zero.
= H
Denison and Chinloy, through comparing actual productivity to some baseline . f

kil

expected productivity attempt to measure the opportunity cost of the educated

*

laborer, but they do not measure the opportunity cost of other resources used

in the educational process,,
The Denison and Chinloy studies are an, intermediate stage between a

purely descriptive characterization of the: sources of growth and an evaluation

o

of the contribution of intermediate production processes using an opportunity

cost measure. XBoth authors partially compute the opportunity cost of an
educated laborer, Since the calculation is a marginal one, 1if they had
l . S e ~

| ‘ o calculated the cost fully, the contribution of the educational ‘process would

e

L3
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#
v

have been zero. The return to education that they measure is_a return to the

e

\ capital used in producing educated labor, but does not incorporate the
: * ‘ ’ . _
opportunity cost of using that capital, The relevant normative measure used

~
; -
to evaluate the contribution of education to the productive process would be

the excess of the actual return to capital gséd in the educational process.,
above the return to that capital had it not been allocated-to educational

" production, Aé the‘margin this contribution is zero,.but’ there is a
productive surélus to the inframatgi;al units., g

.At first glance Schultz (1961) takes a completely different tack in

ry

evaluating the educational procéss. He explici£1y recognizes that educat;on
is an intermediate-good that is coétly to produce. The productive value of
education in the economy is ihe‘yield from a stpck of éducation. His method
1s to evaluate that stock in.terms of resource cost and extrapélate the

contribution of education to total product by imputing a value of the flow of

-

services from that stock. Schultz begins by evaluating the stock of education

~ -

in two years. Let us denote the resource cost of that stock as Vi,'

i =0,1. Let Yi continue to denote output in period i. The growth in the

-

labor force over time is ’ - o .

.

To‘keep the “‘per capita vaiue‘of the stock ‘of education constant, the value of
‘the stock in‘the_latten»berigd should have been (1 + ANV, and thus the

4 ‘ x
difference of actual from constant per capita value is

) v - @1+ amyve. -
r .

‘ “r / .
y : . Of course-the Actual imcrease in the total value of the stock of education is

simply vl - V°; Assuming that education is purely aﬁ‘investment good,; and;ié




' (26)

23 .

L)

- not made for consumption purposes, tﬁen the return to a dollar of capital

invested in education should be the market rate of return, r. Thus the
annual contribution of the additional stock is )
r(vi - ). - ) )

Schultz assumes that over time the proportional contribution of labor to total =

product is a‘constant, sy- Therefore, the proportiou of labor's share of

’ 4 13

" income growth due to inéfeasing the total stock of education is

«
.

r(v* - v%) e' ‘
sy =¥
» \-&

The proportion of 1aborfs share of‘butput due .to the increase in education pger

person is B
r(vh = (1aNv°)
sN(Y1 - Y°)

and the contribution of the increased stock of education to the increase in

total output is simply

r(v1 - (1+AN)V) ‘ ( s
(Y - 1%

»

(K ST T T P N, N, s s e

To implement these formulae Schultz makes some involved calculations

regarding the costs of education, and assumes that 1abor's share of output is

’
)

a constant, 8y = 0;75. His most critical assumption is that the correct rate

B J

.of return is the individual, internal rate of return to an- -investment in

‘schooling such as those calculated by Becker. At the maré n, that rate of

return must be chosen so that the present value of the earnings stream of the

. 4 . -

seducated individugl ‘Just equals the present value of the opportunity cost of

1 * L M

that education, otherwise more individuals will become*educated until the

',wr ‘. }?
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marginal return to an education is zero, Using a market rate or return to
value the return to the inframarginal units of education is wrong for the same
reasons we have outlined in the first section, At the margin the net return
is zero, but for inframarginal units the neE contribution is positive.
Although Schultz s method is cosmetically different from the mainstream

I

growth accoUntants' techniques, in essence he 1is making the same.

. measurement. The application of the internal rate of return to the value of

the stock of education simply translates the contgibution of education into a
flow measure such as those used by the other authors. His comparison,

measurement of contribution represented 1in equation (26) is basically the. same

_as that of Denison and Chinloy. vl 1g simply the-eutput that resulted from

the actual capital outlay on education and r(l+AN)V? is that output which
i -
would have been produced had/khe per capita "amount” of education remained

o

"constant. This does not measure what would have been produced had the

V1 - (l+AN)V° dollars worth of capital been used in the next.best alternative
productive use. Thus like Chinloy and Denison, Schultz measures what growth
would have been had we had no resources to devote to education in excess of
those which would have kept(per capita education the samei(i.e., all new labor
comes in‘as "eighth" graders):, Instead he should measure what output would
have been had we devoted the additional resources spent on increasing the
educational level of the population to other production processes. -

“To illustrate the inability of the marginal accountants' approach to
evaluating productivity to explain education 8 share in that productivity we

present two simple numerical examples. First consider the following non-CRS
= ' H

production function:9 . ' .-

My | . S

(N1~8)




*

. . where Ny >4 and\'N1'< 8, where N, represents the number of educated

, laborers and Nl

represents the number of uneducated laborers. Suppose that

in‘geriod 0 N+ NZ.S_9, .and in period 1,

Nj + Ny < 10, that is the

) labor force grew by.one unit. The output maximizing labor-allocations and
’ value of warginal .products are . ¢
! 0 )
' .l 2 YMPI = 0.027 “
. . o . 6
dz - 7, VMP2 = ] -
and ~

0.0625

=6, ‘WP, = .0.25 | S

In perfod 0, ¥° =0.0833 and later vl = 0.125.

Clearly, in this example,

educated ‘labor is an inferior good, since as total labor available increases,

-

output increases, but the amount of educated labor decreases. Using base year

’

-

weights, the basic growth accounting formula would be:

1‘ o 1.0 1.0

N,-N N.-N
Y ¥V ag© 1 1\ o, 2 2 -
. o & ( o’ + 82(. o ) +1
. 1_o *
r I =01 (___9 + .99 ( ) + 1 ’
)
y
3 <L -0.13'+‘119 | .
. ; Voo,
“ . . - R . b .
~. The, "growth” attributed to the educated workforce would be negative, and in
fact, due to the non-CRS nature of the production funetiqn most of the growth
would be- attributed to the residual term which in' fact reflects a change 1n
b
scale. Using marginal growth accounting would lead us to conclude education
. . *‘. 3
Q > . B . o C
IERJf: “ oy :31. - N . . “
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contributed =13% to the 50% growth in outputf The megsure we proposed in
Y . equation (20) in section 1 yields a different answer. Our measure .

demonstrates that education contributes 18% to producti.gty growth in this

11

simple example. Clearly education has had a positive contribution,;but the

fact that in this example educated workers were an inferior input shows ‘ .

plainly how simple applicetion of marginal growth accouhting can err.

-

We have présenteo the ﬁrevious example not with realism in mind, but
instead as a polar case =— one in which the surg}us measure of the value og

education gives a reasonable answer and the growth accounting measures does '

not. The second example we present uses a_more'séandard production technology

ano 1s designed to show how different measures of the contribution of

education to productivity can vary in a non-pathological setting.

Specifically, growth accountants will overestimate the contributidh of

education because they ignore the opportunity cost of the resources used.

Let the production process be characterized by a two-step process in

' .

- LA
which a certain amount of capital is “"embodied" in a number of workers we will
call educated and these ed@beted workers enter and help in the production of

the final product. Specifically, let Kl denote the.number of .units of

~

capital devoted to proéuction of the final pro%gct and Ky denote the number
of unitslof capital devoted to the -education process. Then our economy is

characterized by the relationships . p

E = S(NZaKZ) . ; ' -

i

- g’

Y = ,f(Nl’Kl’E) '

Ny + Ny <N '
Ky + Ky <Ko : | BN

- . N 4 v -
For illustration!s sake assume g 1s a constant elasticity of substitution

production function.and f 'is a Cobb-Dougles production function:
B - — - ' N . * ‘
1

Vo . v [}
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N decreases in both educated and uneducated fo

x ' L
| E.(YNN?+YK2) i )
B, B, B “ -
N Px PE .
T=N KB l

where ' +»YK =1 and .BN + By + Bg = 1. For tne followingseﬁample we

assume the production technology remains fixed over time, as does the

<

availasle number of units of capital K.

values used in the production functions and the resulting allocation of

and

v

resources in each of two periods. In the first period we assume N =1

in the second period N = 2, As N grows the marginal proddttiiity of labor

because the- capital stock

¢

remains fixed. We assume the education proces is not "labor-using,” that 1is

ié 11 NZ workers are employed in producing Y )and they each receive egual
Lractions of the total payment to educa ‘

% let us first apply the Chinloy method of computing the quality of the
ebor force ro this example., Using the formuiae presented'earlier, the
3 llowing indices can be computed using the informag}on in Table 1:

Vy = 0.125
Vy = 0,875

Afn N = 0.8353

s( . A N

, = 0.6187
)%;E' ‘\/ ' ]
e d = 0.6457
h = 0.6931
] q = ~0.0474
&

Thus Cha;loy would conclude that the quality of the labor forde has

this "decrease in quality” because we are increasing the

’

. 33

In Table 1, we present—the parameter
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- : ' Table 1

Production Function Example ™

Values of ?arameters - ) ‘ -
= 0.3 ]
K ) Yx -'O.7i j/
- p =0,5' .
' ='0.1
0.2
0.7

_ 8y ‘
o - K =1 \

Period 1 N=1

N; = 0.3195 . . N, = 0.6805
K; = 0.2911 - Ky = 0.7089 .
~ Y = 0,5431
vity, = 0.1700
VMP, = 0.3731 ‘
VMPp = 0.5430 .
Total pgymeﬁts to *uneducated labor = 0.05431
Total payments to capital in~productive gector = 0,1086
Tothl payments t& éducated labor = 0,3801
Paydent per educatgq worker = g62387 ®
. Perlod 2 N =2 o .
Ny.= 0.7364 e T Ny = 1.2636
Ky = 0.2746 Co ‘ Ky = 0.7254‘
L Y = 0.6649 '
: . VMPy = 0.09029 -
- WMPg = 0.4843
VMPp = 0.5517
Total payments to unedugafed labor = 0.06649 oo
Total payments to capital in productivg sector ='0,1330

Total payments to educated labor = 0,4654
Payments per educated laborer = 0.3683

34
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'size of the labor force holding the capital stock fixed, thus decreasing the

\
marginal product of the labor force. One might be led to conclude from the ' *
Chinloy accounting method that had education growth "kept pace” with

pcpulation growth output would be higher, In fact this 1is t true, since the
[ ‘ - "
allocations presented for period 2 maximize output subject to the resource

¢
[

constraints. We wlill grant, that the proportion of educated workers has

decreased from 68.05% to 63.18%, but this does not imply increased
V

‘productivity had the proportion remained constant.

As an alternative to'Chinloy's approach to the quality of the labor»f

force, we can consider the standard growth accounting approach as used by e

authors such as Griliches and Jorgenson (19qz). The basic accounting equ&tion

for this simple model would be ’ ‘ ,£ .

Al

tditd -

L] y i
yo K o, N
Y-_SK -K-;+8N T""SE

" In theory one would like to measure the units of education E, bdt’theseware

*
[N

not observed. Only the number of educated workers N, is observed. Using s

base year percentages (i.e., %— _Ai}'. to make the required calculations from
Table 1 we get° . *
\", Y
. - .2243
explained growth = {7189 . i
T = -049460 12 >’

Clearly, ignoring the means by which educated labor is generated, the growth I

accountants would make a serious mistake in evaluating the progress of the
econdmy. Becguse the education process is capital using, and a g;owing labor
~ : .

force is being applied to a fixed stock of capital the marginal product of
labor decreases substantially, however, the technology of the economy has not
) Pa

s
’

E MC ¥ - N . 4,” v - N ) t&“:
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changed at 'all. The constraigz—of a fixed resource being psed‘as input to the

4

fabrication of an intermediate input 'is being interpreted as technological
. ¢

regression + Perhaps we are being too harsh ‘on the growth accountants.,
Suppose that th‘& recoégnize thg}»part of the' capital-stock 1is used in the
. 5, J b : ’
3 - ./) v
educational process, and can measure its value to the economy as a separate

inpptﬂ Then the growth accounting. equation would be

~ . -
4 L ] L] .

.—-/ '§ ‘ Kl ’ 1 o - 2 | \ ;(2
L = 8. =——+°8 +s | + 8 —-_ T
y TR TN, T %, R,

-

—

where Sy and 8 would be the share in vélﬁe of inputs of labor and
2 2

capital used in the education process. Somehow, the returns to the 1abor

‘ input would have to be separated from the returps to the capital input. Using

this last accounting identity we get .

v - N L
7" . 2243 . ) ‘
explained growth = ,2956

T = --0713 .

- * S

This accounting is clearly more reasonable, althqugﬁ still misinterprets fixed
: re

resource constraints as decreased technical progress. 1

The Schultz formulation of the marginalist growth éccounting in this

simple exampl§ can also be computed. Using the Figuréé in Table 1, we can

o
»

compute:
o o o
| 1 1 v,
= VMPK X K2 = (0.4843)(0.7254) =10,3513.
Furthermore, ' E

2-1 -
AN T-l

< +



. 31

and ‘thus the value of the stock in the latter period, had per capita education
remained the same, should have been 0.5288. The differehce.of actual from
. constant per capita educational stock is -0.i775,,
Since the capital stock in this examplé has no intertemporal nature, the
return to capifal is simply its valuation in the market.g That' is a dollars '
Qorth of capitai returns a dollar per year and the capital %g regenerated each
year, Ehus r =1, Ratber than assigning a constant share to labor output we ~
kan compute that the total rewards to labor in period zero are 0.05431 + s @
0.3801 = 0.4344 and in the period one are 0.0§649 + 0.4654 = 0,5319. Thus the t

. %
- contribution of education to the rewards to labor isg:

vi- v0 T 0.3513 - 0.2644
Sg;Yl - SzYo ' 00)319 =~ 0.4344

= 0.8914, -~

—_—~_ (&2 .

. 1@ '
The contribution of the increased stock of education to total output is .

]
«

> .
v~y . 0.3513 = 0.264%
T _ 0 | 0.6649 = 0.5431

= 0.7135.

~. Schultz' method also demonstrates the proportibn of growth due to the change
in per capita education. Since ber capita education has decreased, we are

calculating the extent of growth that would have occurred had per capita

""education remained constant. In pérticular, labor's share would have grow:\ﬁy

1827 more than it did (-0.1775/(0.5319 - 0.4344)) and total output wouid .

have, grovn by 145% more than it did (~0.1775/(0.6649 - 0.5431)).

} .
( Finally, we can compute the contribution of education to growth wfing the .

—

surplus measure in equatibn'ZO. Since the production function is Cobb*-

bouglas, this equatioﬂwéimplifies to

L v
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which is in our .example equal to

by the input is an inframarginal contributiord that the standard accounting ~
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That is, the growth in education is, responsible for 26% of the growth in total
productivity. Clearly we have at our disposal the true parameters and the

true functional form from which to make our calculation. Although this i5 a

¥

luxury not afforded the actual investigator, it illustrates the potential

variation in the two different approaches to-mehsurement. Table 2 summarizes

/

the various measures in this simple example. »
We conclude this paper by symmarizing our basic point, When_ dealing with

an intermediate input marginal growth accounting errs by treating an increase

¢ 1]

in the amount of the input and as If it were exogenously bestowed on the
economy. The oppbrtunity cost’ of t@e resources used to purchase that input
are ignofeda In fact, at the margin, if production is efficient, the net

- marginal contribution of an intermediate -input is zero. The contribution of

framework cannot capture. The growth accounting framework 1is useful for
'ca;culat}ng the pa}t of actual output growth attributable o growth in certain

inpyts. It agcounts for -where out growthicame from, but. does not allow us to

measure the value of the précesses generating that growth, Wé propose instead
a measure borrowed from the literature on consumers surplus that captures the
Eetugné to the inframarginal units of the intermediate input. The essential
questioﬁ is what‘w;uld output have bgen if tﬁe option to educate new workers

was not available?, Our proposed measure is an attempt to answer that

s

question. Cleéfly, the next order of business for those concerned with the

f~' " . i}(/) L | -
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Aruitoxt provided by Eic:

value of education is to compute the necéssary empirical measures to implement

this formula.
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- Table 2

- -

Summary of Measurements of Growth in Prodﬁcitivty'nsing Examples in Table I

Chinloy: . Quality of Llabor Force décreased by -0.0474

-
[N

Standard Growth : ; .
Actual growth = 22.49% ﬁ' -

’ Accounting: R

Explgined growth = 71,89% /
Residual = -49.46%

~ ’ . Educated labor's share of explaineq growth = 83,5% X

Sophisticated Growth ,
Accounting: Actual growth = 22.43% . .

Explained g:ow;h = 29,562
Residual = -7.13% | ’

’ Educated labor's share of explained growth = 42,01%

’ ¢ '

‘ Schultz: Contripution of increased stock: of education = 71.35%
?

Plant-Welch: . Contribution of increased stéck of education = 26.2%

.
b -




" FOOTNOTES

— 4

These st‘ati'.stics are taken from the Handbook o‘f/Laber Statistics (1979),

“Table 188 and the Digest of Educational Statistics f1980), Tabies 11 and 18.

The educational expenditure figures reported in the gest do not include eny

estimates of the foregone earnings of potential ‘workers, whg are beingc o g
educated. - C ) - ‘- L
. 2 ! FJ] s - xifi -
.« i v .

S S Pt
RIS Py -

x{pixi’ fi
i y Pi

,/-T ’ 1 “ '
é‘?ac (average .cost) (marginal cost) S :

. a 1 ~
. » . -
¢ i

3’fhis model can be reformulated in per capita terms if the production
function is linear homogeneous. The result is that per capita growth in
output 1is. completely explained by the per capita growth im non-labor inputs, .

Letting lower case letters denote per capita growth the result 1s derived as

~

follows:.

.
L] L] L] L] L]

y'-ggl n1+g2k1+.g3e

. e-hl n'2+h2 k2 . . ‘ C o
» A .
and using 14(a) and 14(b2 in ‘:he text we get

? . N L] L] ~

e A gl(t?l + n2) +.g2(k1 +k2) T -

but
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5For an explanation of the Allen-Uzawa substitution elasticity see Layard

Py Vs 'QP
and Walters (1?]8).

fNote that Nyg ™ Ci Tyq° Alsg ESi Ei =] and since S = Sici’ we

L4

conclude ECi Ei = S-l. The derivation of (20) is given in the Appendix.t

7Suppose without logs of generality that .

- y=xiBgf -

’

and consider the producer to be minimizing costs: py K+ Pg E subject to an

output constraint.

N

(1) The scale elasticity is derived by introduciﬁg a scale parameter A into
" the production function: ' g

‘ Y = GO )P
o lB 8

and -computing




37 _,

A aY (Kl-s )

= 1.

»

(11) The demand féggtion for education is o . .

R 51
- E 18 :
_E=X FE'GTT-] . (

The ‘elasticity of demand with respect to output holding the price ratio

constant is

k.3
1€ x| 1 |PT -
E3Y E Pk 8
Pe 1 18, .8-1
( Ed )1 5 [ ‘5>1
-1. . -

(111) The Allen-Uzawa own élasticity of substitution i3 equal to (see Lajard

and Walte£§.(1978))

where ¢, = output constant elasticity of demand

i1

*‘f = gshare of input { .in total costs

and for input E
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e - LlEBE
11 " E 37, N
= -(1-8) .
and .
1
- = ~
\»:l B
bgo .
o = =(18)
T e
. The computations in the text then follow directly. ’ -

81n al1 fairnegs to Griliches and \ﬁge’anson, later work done is much‘mo‘r‘e
sophisticated. ‘ We present t};’eir early model as a prototype and res;.:ognize that
this was a seminal paper. See the references for more recent papers. '}'}igse
later papers are best cl;aracterized as being like Ch:l;nlo\y (1980).

9This production function was found on page 199 of Ferguson (1969). We

thank Michael Darby for pointing us toward this monograph.,

[o] VI[PO M
! 10 SO ’ N * 1 = 00'54 ] O 01 :
1" o ) o o 7.054  °° ’
NpWE) N ey TR SN \

s‘;-1~s§-o.o9. .

" llp,, this productiom function:
1 . '
. N 2N

-2 1 .
SIEAtN e

4

Nz-l‘ ‘ I
tr N ~ '
2

- N -4

. oii‘ = [—N;_-—] . (cost share), -

These formula used with base year values in. eauation (20) lead to a
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contribution of education which is 17.99% of the growth in output.

" -
" « s AN, AN,
Explained growth = T—+8 w=—+8 —= -
. skl Ko - 1Ny Ny

= +2(~.05668) + (.1)(1.3049) + (.7)(.8569)
= ,7189"

v .

Ngte that due to the production technology the v's are constant over time.

S

2 Ve
7
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*APPENDIX

k3 . ) ’

Derivation of Equation (20)
¢ . ’ :

.

The measure of the contribution of the ith input (education) is simply

\

- « 1 3 v A T ‘ )
_ : 7 0fAx, . SAUR
Where fi denotes %;— « By first order conditions of cost minimization o TT
- i 4 - . ,
Ap, , .
(2) Ay =5 ‘ ) :

where A 1s the marginal cost of production. The constraint that defines the

shadow price is

dxi 3xr Ix, ap, )

dy 3y +8pi y - O
Therefore
. =N .
” --—_j;. ay *
(3) Ap, 55 Ay = %, Ay.
8Pi
Also '
) axi )
(4)’ Axi = Ey——Ay. ) -
. - ‘ , o
Substituting (2), (3) and (4) into (1) ve get ) -
2
x ap, .
I R TR B )
(5) 7 G @t .

1 i




1

\

(6) St

Rearranging terms we get:

LS ox
ay x

« ¥

[N

which equals

2
-1 5 Py (ay)?
21“11' y. y

But; -x—;hh fi 9 .
AN i
Y
and n fixi T,.
NS & f.x i1
Lg%
So
tf.x, ,, (2
) -l & 24 ()
2°ii y y

.

N

p
)-21

(Ay)2

But Zfix -= marginal cost = Sy so (7) becémes

e i

e g en?

(8) ’
' Zogy y

A

which 18 the desired formula.
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